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1. Motivation

Higgs field in the SM:

O
b = (unitary gauge)
v+ H

H: elementary scalar field, Higgs boson

Lagrange density: Lyiggs = (Dp®) T (DFD) — V(D)

Gauge invariant coupling to gauge fields
= mass terms for gauge bosons and fermions

1.) VV®D coupling:

v X X v U X  H H  H
= VV mass terms — triple/quartic couplings to gauge bosons

95”2/2 = MVQV, (9% + g%)v2/2 = M% = coupling o« masses
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2.) fermion mass terms: Yukawa couplings

mr=vgr= coupling o« masses

3.) mass of the Higgs boson: self coupling

a2
v X - H A= MH/,U
i\ s My = vV free parameter
vx N — last unknown parameter of the SM

= establish Higgs mechanism = find the Higgs & measure its couplings

Higgs coupling measurements is one of the main tasks of future colliders
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2. Higgs coupling determination at the LHC

[M. Diihrrsen, S.H., H. Logan, D. Rainwater, G. Weiglein, D. Zeppenfeld '04]

Higgs production at the LHC:

o(pp—H+X) [pb]

gluon fusion: gg — H
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Some LHC specifics:

No LHC analogue to recoil method at LEP/LC:ete™ — ZH, Z — eTe™, utu~

= no total measurement of Higgs production cross section
QCD backgrounds = not all decay modes accessible, e.g. H — bb

Measurement of o x BR: narrow width approximation:

U(H)SM I_|orod I_decay

X
SM
I orod Mot

— J(H) X BR(H — dldz) =
Observation of different channels (or upper bound from non-observation)
= information on combinations of Iy, I+, Ty, Tz, Ty, Mvy, Y2

= Determination of ratios of partial width via global fit
[M. Diihrssen '03]

= Additional theoretical assumptions needed for absolute determination
of partial widths
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Strategy: mild theoretical assumptions

— consider general multi-Higgs-doublet model
(w/o additional Higgs singlets)
(= including e.g. MSSM)

= HV'V coupling bounded from above by SM value, 'y, <M, v =w,Z
= upper bound on [y,

Observation of Higgs production
= lower bound on production couplings
lower bound on total width [ ot

Observation of H — VV in WBF
= determines % /Tiot
= determines upper bound on [ ot

= Absolute determination of I'+ot and Higgs couplings via global fit

= nearly model independent analysis
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Estimate of errors:

Statistical errors:

Assume SM rates for production and decay in each luminosity scenario

Systematic errors:

— 5% luminosity error
— uncertainties on reconstruction: identification of leptons: 2%
identification of photons: 2%
identification of b quarks: 3%
— forward tagging/veto jets: 5%
— error propagation for background determination from side-band analyses:
from 0.1% (H — ~vy) to 5% (H - WW* H — v1T77)
— theoretical and parametric uncertainties for Higgs production:
ggH: 20%, ttH: 15%, WH,ZH: 7%, WBF: 4%
— theoretical and parametric uncertainties on Higgs decays:
1% (as a future expectation)

= log likelihood function based on statistical and systematic errors

Sven Heinemeyer, LHC/ILC meeting, SLAC, 23.03.2005



Decay channels considered:
_ H—-wWwTt®Ew-&) 1 +— + T miss
_H s 78 z()

— H =y
_ H st
— ttH, H — bb

Actual analysis assumptions (even less restrictive):

girvy < 1.05 X giryysm, V=W, Z

5% margin to allow for
— theoretical uncertainties in translation of partial widths to gIQJVV
— small admixtures of exotic states (triplets, ...)

— Allow for additional particles contributing to H — vy and gg — H
(= fitted by pos. /neg. additional partial width to H — ~vv and gg — H)

— Allow for additional Higgs decay width
(= fitted by additional partial width)
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Constraints on extra partial widths:
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Detection of SM rates
= constraints on widths:

2 %300 4+ 2% 100 fo— 1 scenario:

ATy <0.2x MM
ATy <04 x2M

ATy < 0.2 x T

= restrictions on new physics
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Relative precisions for partial and total widths: two
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Observations:

low luminosity scenario: 2 30 fb—1 :

for a light Higgs: results significantly worse as compared to higher luminosity
scenario

high(er) luminosity scenario: 2 %300 + 2 % 100 fb~1 :

— typical accuracies of 20-30% for my < 150 GeV
— 10% accuracies for HVV couplings above WW threshold

high luminosity scenario: 2 « 300 fb—1 :

significant improvement over 2 « 300 4+ 2 % 100 fo—1 only in Hrt coupling
(WBF crucial for H — 71t77)

Systematic errors contribute up to half of the total error, especially at high
luminosity
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3. Higgs coupling determination at the ILC

[TESLA TDR '01] [Abe et al. '01] [Abe et al. '01] [T. Barklow '03]

Higgs production at the ILC:

I I I I
. Higgs-strahlung:
100 o(ete” — Higgs) [fb] HZ | 4+ .
Hyip - - 1 e'e — /4" —ZH
weak boson fusion (WBF):
. e+e— —vvH
10 | :
_ | Y :
Vs =350 - 500"-.__ 800 Gev\MH
1 | | . | | .
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Some ILC specifics:

recoil method: ete™ — ZH, Z — ete™, ,u+,u_

= total measurement of Higgs production cross section

= NO additional theoretical assumptions needed for absolute
determination of partial widths

= all observable channels can be measured with high accuracy

Some ILC results (500 fb~1@,/s = 350 GeV):

SMp ~ 50 MeV
5gZZH%2.5%, 5gWWH%2—5%
595~ 1 — 2% (for My < 150 GeV)

However: No good determination of gp,z and gp
O9rmiE =71 09H~ = 23% (for My = 120 GeV)
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4. LHC @ ILC

Idea: use data from the 350 GeV ILC
to replace theory assumptions in LHC analysis

= better determination of gp7 and gy,

(in @ model independent analysis)

Existing result:
[K. Desch, M. Schumacher '04]

LHC: tTH — tt WW™*, tTbb (300 fb—1)
ILC: BR(H - WW*), BR(H — bb) (500 fb~1 @ /s =500 GeV)

= determination of g, to 15%
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Fit for gy
[K. Desch, M. Schumacher '04]
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New result:

— Use more ILC input and all LHC channels in a combined fit

Inputs from the ILC to the fit:

— My
— orot(eTe™ — HZ)

— otot(eTe™ > HZ) x BR(H — X) (X =bb, 7777, g9, WIW*)
— otot(eTe™ = vDH) x BR(H — bb)

= (hopefully) better determination of gz, 9H~~
(in @ model independent way!)

WARNING: results still preliminary
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Compare old and new results for gy,
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New results for gg,r
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Compare old and new results for gg.~:
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New results for gg..:
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5. Conclusions

e Higgs coupling determination at the LHC:

coupling determination necessary to establish the Higgs mechanism

— nearly model independent analysis
= coupling determination down to 20-40%

e Idea: use ILC input to overcome theory assumptions

e ILC input from 500 fb~1 @ /s = 350 GeV

(— ILC will determine nearly all couplings model independent
with a high accuracy)

e However: no good ILC (/s < 500 GeV) precision for gp,r and gp-

e New (preliminary) result:
Agrr=11—-14%  (old LHC/ILC analysis: 13-19%))

Agpy =7 8%  (old LHC analysis: 8-30%)
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